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ABSTRACT

Objective: To review the literature on pulmonary TB screening using automatic X-ray film reading
systems.

Subjects and methods: 13 publications from 2 databases MEDLINE and Cochrance in the period
from January 2010 to December 2021 were analyzed.

Results: Our study has shown that there are currently 12 automatic chest X-ray reading systems that
have been applied in screening for pulmonary tuberculosis. The sensitivities of the systems ranged
from 0.70 to 0.95 with specificities of 0.42 to 0.99, respectively. Of these, there are 3 systems that
achieve the sensitivity and specificity recommended by WHO for a TB screening tool (sensitivity
>=90% and specificity >=70%) namely: gXR, CAD4TB and INSIGHT CXR.

Conclusion: Our study has highlighted the overview and value of some Al software applications in
reading chest X-ray automatically supporting the diagnosis of pulmonary tuberculosis.

Keywords: TB screening, Pulmonary tuberculosis, Chest X-ray, Computer-aided detection.
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SANG LOC LAO PHOI SU DUNG CAC HE THONG
POC PHIM XQUANG TY DONG: MOT NGHIEN CUU
TONG QUAN TAI LIEU

Pao Huy Cu'*, Lé Thi Hoan?, Cung Van Cong'

'Bénh vién Phoi Trung wong - 463 Hoang Hoa Tham, Vinh Phii, Ba Pinh, Ha Néi, Viét Nam
’Dai hoc Y Ha N¢i - So 1 Ton That Tung, Pong Da, Ha Ni, Viét Nam

Ngay nhan bai: 02 thang 06 nam 2022
Chinh stra ngay: 07 thang 07 ndm 2022; Ngay duyét dang: 13 thang 08 ndm 2022

TOM TAT

Muc tiéu: Nghién ctru tong quan tai liéu vé sang loc lao phdi sir dung cac hé thong doc phim Xquang

tu dong.

Poi twong va phwong phap: 13 tai liéu tir 2 co s6 dit liéu 1a MEDLINE va Cochrance trong giai
doan tir 01/2010 — 12/2021 duoc dua vao phan tich.

K#ét qua: Nghién ctru dé cho thay hién c6 12 hé thdng doc phim Xquang tu dong da duoc ung dung
trong sang loc bénh lao phdi. P9 nhay cta cac hé thong dao dong trong khoang 0.70 — 0.95 véi
d6 dac hiéu tuong ng 1a 0,42 — 0,99. Trong ) nay c6 3 hé théng dat muc do nhay va do dac hiéu
theo khuyén cdo cia TCYTTG cho mét cong cu sang loc bénh lao (d6 nhay >=90% va d6 dac hi¢u

>=70%) d6 la: ¢XR, CAD4TB va INSIGHT CXR.

Két luan: Nghién ciru d néu bat birc tranh tong quan va gia tri ciia mot sé phan mém ung dung Al
trong doc phim Xquang ngyc ty dong hd trg chan doan lao phdi.

Tir khod: Sang loc, lao phéi, hé théng doc phim Xquang tu dong.

1. PAT VAN PE

Bénh lao 12 bénh truyén nhidm gay tir vong hang diu trén
thé giéi. Nam 2019, T6 chic Y té Thé gioi (TCYTTG)
udce tinh 6 10 triéu ngudi bénh lao maéi dugce phat hién
va 1,2 nguoi chét do lao[1] — twong duong véi 2 ngudi
chét do lao mdi phut. Tuy nhién, ciing theo udc tinh ctia
TCYTTG s6 ngudi bénh lao duoc bao cdo va diéu tri
trong nam 2019 1a 7,1 triéu ngudi chiém 71% s6 ngudi
méi mic bénh[1]. Diéu nay ciing c6 nghia 1a con 29%

*Tac gia lién h¢
Email: huycubnl19@gmail.com
Dién thoai: (+84) 366 629 564
https://doi.org/10.52163/yhc.v63i5.440
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- 2,9 triéu nguoi bénh lao ndm 2019 chua duoc bao cao
va dua vao diéu tri, 1a ngudn lay tiém tang trong cong
ddng. Nhing ton thwong sém & phdi ciia ngudi bénh
c6 thé dugc phat hién sém bang viéc sang loc hinh dnh
Xquang nguc. Cac diéu tra dich t& bénh lao toan qudc
1a nhing chién dich sang loc 16n nhat thuc hién trong
mot thoi gian ngén. Két qua tir cac diéu tra dich t& bénh
lao toan qudc trén thé giGi cho thdy phan nhiéu nguoi
bénh lao ¢ bang chimg vi khuin hoc khéng c6 triéu
ching cua bénh. Ty 1€ nay tai Viét Nam 14 57%[2], tai
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Tay Tang 1a 51,3%[3], Chau Phi 1a 44%[4]. Cac diéu
tra ndy ciing cho thay hinh anh Xquang c6 d6 nhay co6
thé 1én dén 97,7%[2], d6 nhay cao hon 3-5 1an vdi triéu
ching nghi lao[5]. Céc bang chung trén 1a tién dé dé
phat trién chién luoc sang loc chu dong bénh lao su
dung Xquang dé khic phuc han ché trong chién lugc
DOTS (xét nghiém soi dom truc tiép v6i nhitng ngudi
c6 tri€u chung nghi ngd)[6].

V6i sy phat trién cua cac hé théng doc phim Xquang
nguc ty dong, nam 2021 1an dau tién TCYTTG dwa cac
hé thdng doc phim Xquang nguc tw dong vao cau phan
béo céo bénh lao toan cau. Mot s6 hé théng doc phim X
quang nguc ty dong hién cé trén thi truong cod thé giap
phién giai két qua hinh anh Xquang lao phdi véi chat
lwong dong déu & tit ca cac tuyén tir Trung wong dén
co s, & trong va ngoai Chuong trinh chdng lao, & cac
cung mién, dic biét ving siu ving xa, noi ma hé thong
y té con rat han ché vé ngudn nhan lyc.

2. PHUONG PHAP NGHIEN CUU

Nguén dit liéu: Nghién ctru chiing t6i str dung 2 ngudn
co s& dit lidu dé tim kiém d6 1a MEDLINE va Cochrane.

Cac tur khoa trong nghién ctru: Pulmunary tuberculosis
va Chest X-ray va Computer-aided diagnosis va
Sensitivity, Specificity ciing cac tir dong nghia khac
lién quan. Khung thoi gian ap dung cho tim kiém 1a tir
01/2010 — 12/2021. Viéc tim kiém va sang loc tai liéu
s& 4p dung theo hudng ddn PRISMA.

Tai liéu sau khi trich xut tir co s6 dit lidu s& duoc quan
ly va trich dan bang phan mém Endnote phién ban 8.
Céc chi sd, tham sd ctia tai lidu s& 1ap thanh 1 bang bang
phﬁn mém MS Excel cho viée phan tich s6 liéu. Chat
lugng cua cac tai li€u trong nghién ciru s€ dugc danh
gia bang b cong cu QUADAS 2.

3.KET QUA

Hinh 1. So dé PRISMA két qud tim kiém tai liéu

MEDLINE, n=67
CoChrane, n=42

T liéu tring nhau
n=1

Tai ligu dwge sang loc
tiéu dé v tom tat
n=108

56 tai liéu loai bo sau
sang loc
n=80

Tai liéu dwge phin
tich bdo cao toan van

n=18

Tai ligu dwgre dura vao

Sb tai licu loai bo, n=15. Trong do:

- Céc bai 16m tit tai cdc hoi nghi, bio cio chwong
trinh, d dn, n=2 )

- Cac nghién ctru gial doan xdy dymg hé thong doc
phim or dong, n=10

- Cac tai liéu khéng co peer-review, n=2

- La mot bai nghién el tong quan tii liéu hodc
phin tich gép, n=1

nghién ciru

n=13

Dua vao tir khod tim kiém c6 67 tai lidu dugc tim th?iy
trén co s dir liéu MEDLINE, 42 tai liéu dwoc tim thay
trén Cochrane, 01 tai liéu trung l3p gitra 2 ngudn. 108
tai liéu dugc sang loc dua trén ph?m tiéu dé va tom tat,

budc nay da loai ra 80 tai li¢u khong phu hop. 28 tai
liéu dugc dua vao phan tich toan van, dya theo ti€u
chuan lya chon va loai trir thu dugce 13 tai ligu dé dua
vao phan tich.
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Bdng 1. M6 ta chung cdc tai liéu trong nghién ciru

Tac gia chinh, nim xuit ban | C& miu Thiét ké nghién ciru Hé thong doc phim Xquang ty dong
Qin ZZ, 2021 [7] 23.954 Nghién ctru cit ngang E:;?Sg;’ B)éR’ INSIGHT CXR, JF CXR-1,
) CADATB, gXR, Genki, JF CXR-1, ChestEye,
Codlin AJ, 2021 [8] 1.032 Nghién ctru cat ngang [INSIGHT CXR, InferRead DR, T-Xnet, Dr
CADx, SemanticMD, XrayME, COTO
Nash M, 2020 [9] 929 Nghién ctru bénh chung | gXR
Habib SS, 2020 [10] 694 Nghién ciru cit ngang | CADA4TB
Murphy K, 2020 11] 5.565 Nghién ctru cit ngang | CAD4TB
Khan FA, 2020 [12] 2.198 Nghién ciru cit ngang | CAD4TB, gXR
Qin ZZ, 2019 [13] 1.196 Nghién ctru cét ngang |[CADA4TB, qXR, INSIGHT CXR
Zaidi SMA, 2018 [14] 6.090 Nghién ciru cit ngang | CAD4TB
Melendez J, 2018 [15] 38.961 Nghién ctru cit ngang | CADA4TB
Rahman MT, 2017 [16] 18.036 Nghién ciru cit ngang |CAD4TB
Philipsen RH, 2015 [17] 388 Nghién ciru cit ngang |CAD4TB
Muyoyeta M, 2014 [18] 350 Nghién ctru cit ngang | CAD4TB
Breuninger M, 2014 [19] 861 Nghién ciru cit ngang | CADA4TB

Céc cudc sang loc sir dung cac hé théng doc phim Xquang
tir dong tir nim 2014 — 2021 trong nghién ctru ¢ ¢d mau
tir 350 — 38.961 nguoi tham gia (bang 1). Trong d6 chi
¢6 01 tai liéu ciia Nash M, 2020[9] c6 thiét ké nghién
ctru bénh chirng con lai cac tai liéu khac st dung thiét
ké nghién ctru cit ngang trong mot giai doan nhat dinh.
C6 12 hé théng duoc st dung dé sang loc bénh lao phoi
trong cac tai liéu ciia nghién ctru bao gdbm: CADATB,
gXR, Genki, JF CXR-1, ChestEye, Lunit INSIGHT

CXR, InferRead DR, T-Xnet, Dr CADx, SemanticMD,
XrayME, COTO. Nghién ctru ciia Codlin AJ, 2021[8]
despite the rapidly expanding array of available CAD
solutions. We developed a test library of chest X-ray
(CXR va cong su 1a nghién ctru dau tién danh gia ca 12
hé thong nay. Hé théng CAD4TB, gXR va INSIGHT
CXR la nhitng h¢ thong dugc str dung phd bién hon ca va
hé théng CADA4TB la hé théng duogc st dung sém nhét
trong 12 hé thong hién nay.

Bdng 2. Xét nghiém vi khuén hoc tham chiéu dé dinh gid gid tri chén dodn ciia cdc hé thﬁ’ng doc phim Xquang tw dong

Tén h¢ thong Xét nghié¢m vi khuin hgc tham chiéu
CADATB Xpert MTB/RIF [7][8][10][11][13-18]
Nuoi cdy vi khuan [12][19]
gXR Xpert MTB/RIF [7][8][13]
Nubi cdy vi khuan/Xpert MTB/RIE/Nhudm soi [9]
Nudi cdy vi khuan [12]
Lunit INSIGHT CXR Xpert MTB/RIF [7][8][13]
InferRead DR Xpert MTB/RIF [7][8]
JE CXR-1 Xpert MTB/RIF [7][8]
ChestEye Xpert MTB/RIF [8]

N
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Tén hé théng Xét nghiém vi khuén hoc tham chiéu
COTO Xpert MTB/RIF [8]
Dr CADx Xpert MTB/RIF [8]
Genki Xpert MTB/RIF [§]
SemanticMD Xpert MTB/RIF [8]
T-Xnet Xpert MTB/RIF [8]
XrayME Xpert MTB/RIF [8]

Phan 16n & cac hé thong doc phim Xquang tu dong két qua duong tinh ctia Xpert MTB/RIF hodc nudi cdy
dugc dua vao s dung voi xét nghiém vi khuan hoc  vi khuén hodc nhudm soi truc tiép mau dom lam gia tri
tham chiéu 14 xét nghiém Xpert MTB/RIF. Ngoai ra, tham chiéu. Viéc déu sir dung dong nhat Xpert MTB/
cac hé théng phd bién nhu CAD4TB va qXR c6 d6i  RIF & cac hé théng khac nhau gitp cho viéc so sanh
chiéu ca vai két qua nudi cay vi khuan hoc. Nghién ctru  hiéu qua sang loc cta cc hé thong nay dugc théng nhat
ciia Nash M, 2020 [9] va cong su sir dung mot trong cac ~ v6i nhau va ciing tuan theo hudng dan cua TCYTTG.

Bing 3. Gid tri chin dodn ciia cdc hé théng doc phim Xquang tw dong trong sang loc bénh lao phéi

Tén hé thong Do nhay Do dac hiéu AUC
CADATB 2021 0,90 (0,89-0,91) 0,73 (0,72-0,74) 0,90 (0,90-0,91)
2021 - - 0,82 (0,78-0,85)
2020 0,91 0,42 0,78

2020 0,90 0,76 0,885 (0,87- 0,89)

2020 0,93 (0,90-0,96) 0,69 (0,67-0,71) -
2019 0,95 (0,9-0,98) 0,76 (0,73-0,78) 0,92 (0,90-0,95)
2018 - - 0,79 (0,78-0,81)

2018 0,95 0,56 -
2017 - - 0,74 (0,73-0,75)

2015 0,70 0,99 -
2014 - - 0,71 (0,66—-0,77)
2014 - - 0,84 (0,80-0,88)
gXR 2021 0,90 (0,89-0,91) 0,74 (0,73-0,75) 0,91 (0,90-0,91)
2021 - - 0,82 (0,79-0,86)
2020 - - 0,81 (0,78, 0,84)

2020 0,93 (0,89-0,95) 0,75 (0,73-0,77) -
2019 0,95 (0,9-0,98) 0,82 (0,79-0,84) 0,94 (0,92-0,97)
INSIGHT CXR 2021 0,90 (0,89-0,91) 0,67 (0,67-0,68) 0,89 (0,88-0,89)
2021 - - 0,82 (0,79-0,86)
2019 0,95 (0,9-0,98) 0,80 (0,77-0,82) 0,94 (0,93-0,96)
InferRead DR 2021 0,90 (0,89-0,91) 0,62 (0,61-0,63) 0,85 (0,84-0,86)
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Tén hé thong D6 nhay D¢ dic hiéu AUC
2021 - - 0,76 (0,72-0,80)
JF CXR-1 2021 0,90 (0,89-0,91) 0,61 (0,60-0,62) 0,85 (0,84-0,86)
2021 - - 0,77 (0,73-0,81)
ChestEye 2021 - - 0,73 (0,69-0,77)
COTO 2021 - - 0,66 (0,61-0,71)
Dr CADx 2021 - - 0,50 (0,45-0,55)
Genki 2021 - - 0,78 (0,75-0,82)
SemanticMD 2021 - - 0,53 (0,48-0,58)
T-Xnet 2021 - - 0,70 (0,66-0,74)
XrayME 2021 - - 0,66 (0,61-0,71)

Két qua bang 3 cho thdy do nhay cua hé thdng
CADA4TB dao dong tir 0,70 — 0,95, twong ung voi do
dac hiéu tr 0,42 — 0,99. Bd nhay cua hé théng gXR
dao dong tir 0,90 — 0,95, twong tng v6i do dac hiéu tur
0,74 — 0,82. Do nhay cua hé thong INSIGHT CXR tir
0,9 — 0,95, tuong tng vdi do dac hiéu tu 0,67 — 0,80.
Hé théng InferRead DR c6 d9 nhay la 0,90 (0,89—
0,91) tuong ung véi do dac hiéu 0,62 (0,61-0,63).
Hé théng JF CXR-1 c6 d6 nhay 1a 0,90 (0,89-0,91)
tuong ung voi d6 dac hiéu ¢ muc 0,61 (0,60-0,62).
Cac hé théng ChestEye, COTO, Dr CADx, Genki,
SemanticMD, T-Xnet, XrayME trong nghién ctu cta
Codlin AJ va cong sy khong dua ra chi sé vé d6 nhay
va d6 didc hiéu, gia tri AUC do ludng ctia cac hé thong
nay tir 0,50 (0,45-0,55) — 0,78 (0,75-0,82). Tat ca
cac hé thdng déu dugc do luong chi sb AUC, trong
d6 hé théng co diém cao nhat 1a qXR (0,94, 95%CI:
0,92-0,97), tiép theo d6 1a hé théng INSIGHT CXR
va CAD4TB. Hé thdng co gia tri AUC thip nhét 1a Dr
CADx (0,50, 95%CI: 0,45-0,55). So sanh cac hé théng
& d6 nhay 0,95 thi hé théng qXR c6 do dic hiéu cao
nhit (0,82 (0,79-0,84)), tiép theo 1a INSIGHT CXR
(0,80, 95%CI: 0,77-0,82) va cubi cung 1a CAD4TB
(0,76, 95%CI: 0,73-0,78). Két qua trén ciing cho thiy
¢6 3 hé thong dat tiéu chuan vé d6 nhay va d6 dic hiéu
theo khuyén céo cia TCYTTG vé mot cong cu sang
loc lao phdi d6 1a CAD4TB (4 nghién ctru), gXR (3
nghién ctru), Lunit INSIGHT (1 nghién ctru). BP9 nhay
cua CADATB trong khoang tir 90%-95% tng véi do
dac hiéu tuong Gng tr 72,9%-80%. Do nhay cia gXR
trong khoang tir 90,2%-95% tuong tng voi do dac
hi¢u trong khoang tir 74,3% - 82%. Do nhay cua Lunit
INSIGHT la 95% tuong ttng voi do dac hi¢u la 76%.

N
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4. BAN LUAN

Sang loc bénh lao trong cac chién dich 16n tai cac
nudc phat trién tir nhitng nam 1930 di st dung hinh
anh Xquang nguc 1a mot cong cu hiru hi€¢u. Hiéu qua
ctia cac chién dich sang loc bang hinh anh Xquang
nguc nay 1a boc tach duge nguoi méic lao khoi cong
ddng, ngay ca khi triéu chimg cia bénh chwa khoi
phat. Cac cudc diéu tra dich t& bénh lao toan quéc
trén toan thé giéi di cung cip bang chimg vé gia
tri cua sang loc bang hinh anh X quang nguc so
v6i sang loc bang triéu chimg. Viéc ap dung cac hé
théng doc phim X quang nguc tu dong di dem lai
hiéu qua sang loc bénh lao ¢ nhidu quéc gia trén
thé gigi. Co 3 gia tri phd bién trong danh gia cac
hé thdng doc phim ty dong d6 1a do nhay, do dic
hiéu va gia tri AUC. Dé thdng nhit vé do nhay va
do dac hi€u cua céc cong cu sang loc bénh lao maoi
TCYTTG da dua ra mic khuyén nghi vé do nhay
va do dic hiéu muc tiéu cho cac nha phat trién san
phim theo thtr ty 1an luot 14 90% va 70%. Két qua
céc danh gia cho thdy co 3 hé thong trén thi truong
hién nay dap ung duogc ti€éu chi cia TCYTTG bao
gdm: INSIGHT CXR, CAD4TB va qXR[13][7][12]
[11]. Trong cac nghién ctru danh gia ddng thoi nhiéu
hé théng, gXR 1a hé thdng c6 gia tri chan doan cao
nhat[7][8][13]. Trong bdi canh Viét Nam dang trong
tién trinh tién tdi chdm dit bénh lao vao nam 2030
thi viéc tng dung cong nghé nay c6 thé trién khai ¢
tat ca cac tuyén y té (nha nude, tu nhan) va trén moi
hé théng X quang (c6 dinh, di dong).
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5. KET LUAN

Sang loc bénh lao phéi sir dung hé théng doc phim
Xquang nguc ty dong dang dugc ap dung ¢ nhidu qudc
gia trén thé gidi. Trén thi truong hién nay da c6 12 hé
thdng duoc danh gia trong d6 c6 3 hé thong: INSIGHT
CXR, CAD4TB va gXR dat dugc mirc do khuyén cao
vé d6 nhay, d6 dic hiéu cho mot cong cu sang loc cia
TCYTTG. Céc hé thong dat tiéu chuédn theo khuyén céo
ciia TCYTTG c6 thé ap dung duoc & tit ca cac tuyén
trong hé thong y té cling nhu trén cac hé thong may X
quang khac nhau.
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